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ABSTRACT
There are a wide range of applications for three-dimen-
sional (3D) data in archaeology, and a diverse array of 
methods for collecting and analyzing those data. In this ar-
ticle, free 3D photogrammetry software (Autodesk 123D 
Catch) is used to document a series of grave markers. The 
data are subsequently exported to Geomagic Design X 
to demonstrate and briefly discuss the various potential 
analyses that might be used to illustrate the effects of 
preservation treatments and marker degradation through 
time. Further, one marker is reverse-engineered, illustrat-
ing the capacity of 3D modeling to expedite the process of 
design, should elements warrant replacement. Additional 
benefits of documenting the markers in 3D includes pub-
lic outreach and public interaction through social media. 
Autodesk’s 123D Catch allows users to render videos of 
each model and export them to YouTube, where they can 
be shared with a global audience. The capacity of these 
tools to expand the scope of our efforts to document and 
analyze grave markers is substantial.
Introduction
Using free photogrammetry software (Autodesk 2015a; 
Kramer 2013) grave markers at Oak Grove Cemetery in 
Nacogdoches, Texas, were documented in 3D by collect-
ing 70 images of each, then submitting those to Autodesk’s 
123D Catch using the downloaded interface. The down-
load process is well documented in how-to videos on 
the Autodesk website (Autodesk 2015a) and will not be 
discussed here. The resultant 3D meshes (Figure 1) have 
a variety of uses and can be integrated into a wide range 
of documentation and preservation programs for profes-
sionals (De Reu et al. 2013; Spring 2014; Martínez et al. 
2015; Sanger 2015), and can also augment cemetery and 
preservation-based education efforts. There are various ap-
proaches to 3D documentation and analysis, however, and 
the options should be considered whenever exploring the 
tenets of a new project (Koutsoudis et al. 2013; Magnani 
2014). Grave markers represent a source of primary ar-
chaeological data and are also a heritage resource: as such, 
their importance in constructing or reconstructing dia-
logues concerning the past is crucial to our understanding 
of local histories, as well as how and where those histories 
fit within regional and national discourse. 
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Figure 1. Textured (color) (ASCII.ply) and nontextured (ASCII.
stl) 3-D meshes of the Woodmen of the World grave marker for 
Mr. Jesse James Owens at Oak Grove Cemetery in Nacogdoches, 
Texas (Selden 2015a).
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Once the data are collected the 3D mesh can easily 
be exported to other software packages, where it can be 
animated (Figure 2) and used as the basis for surface and 
modeling. In the case of the Oak Grove Cemetery grave 
markers, the .obj files were downloaded from the project 
website (Autodesk 2015b) and imported into Geomagic 
Design X (reverse-engineering software) where they were 
modeled. Reverse-engineering, or creating a model from 
which duplicates can be generated, has significant potential 
in the fields of historical archaeology and historic preserva-
tion. The models produced using this process can be the 
basis of fabrication in various mediums.
Methods
Autodesk 123D Catch can render 3D meshes using apps 
available for Apple and Android phones, or from photo-
graphs taken with a digital camera (Autodesk 2015a). The 
camera used for this application was a Nikon Coolpix 
AW100. Guidance for planning a first shoot is provided 
by Autodesk (2011a), along with guidance for mesh 
cleanup (Autodesk 2011b) and creating an animation 
(Autodesk 2011c). For the Oak Grove Cemetery project, 
the time that it took to capture the images was minimal 
(approximately 10–15 minutes), but processing time was 
This is an animated figure. Press the play button at the bottom left, or hover over the image and click once to activate. When 
the animation completes its circuit, you can play it again by hovering over the image, then clicking on the play button. 
Figure 2. Animated 3-D mesh of a marker from the Oak Grove Cemetery in Nacogdoches, Texas. (Graphic by author, 2015.) 
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substantially longer (approximately 1 hour or more per 
mesh). The free version of the 123D Catch software re-
duces each of the images to 3 megapixels (Chandler and 
Fryer 2013; Green et al. 2014), making it unnecessary to 
use high-end equipment for data collection. Additionally, 
123D Catch meshes are cloud-processed, reducing the 
need for expensive computers and processing software 
(Spring and Peters 2014). Once processed, it is possible 
to view the contribution of each of the images to the 3D 
mesh (Figure 3). 
For the Oak Grove Cemetery project, photographs 
were collected at varying times of day, and time of day 
was not found to be a factor in creating the meshes. The 
strategy for capturing the images necessary to create each 
mesh was to begin by taking 12–20 images around the 
marker, being sure to include two or three feet both above 
and below the marker (ground surface) in each image. The 
second pass included another 10–20 images (again, moving 
around the marker) of the top of the marker at an oblique 
angle, where the side of the marker and the ground surface 
were also included—a practice that may require a ladder. 
The third pass focused upon the base, and the final pass 
upon detail shots (at varying focal lengths) for complex 
geometry (e.g., undercuts). 
In numerous instances, it was necessary to manually 
stitch the photos (Autodesk 2011d), which consists of 
placing four points at the same location on three images. 
These points are placed virtually within the 123D Catch 
software—physical contact was never made with any of 
the markers. This process is necessary when the program 
is unable to automatically stitch the photographs together, 
which often creates minor distortions and holes in the 
mesh. While this process is neither difficult nor tedious, 
it increases the time necessary to create the final render. 
Figure 3. Autodesk 123D Catch interface illustrating the various camera positions used to create one of the 3-D meshes. (Graphic 
by author, 2015.)
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Once created, each of the 3D meshes was scaled ac-
cording to measurements taken at various points on each 
of the physical markers (Autodesk 2011e). This process 
rescales the entirety of the mesh; in this instance we used a 
measurement taken of the base at the front of each marker 
(measuring from left to right). The measurement is then 
inserted into the 3D scene, and the remainder of the mesh 
is rescaled based upon that measurement. After the grave 
marker data were processed and properly scaled using the 
steps outlined above, the meshes were published, then 
downloaded for the modeling process.
3D Modeling Grave Markers
In addition to the more traditional documentation ef-
forts, markers can be reverse-engineered using one of two 
methods; by creating a 3D surface or a solid model. Both 
methods yield a model that can be exported to CAD/
CAM-based software. One method is to render a nonuni-
form rational b-spline (NURBS) surface based upon the 3D 
mesh (Figure 4a), and another is to construct a solid model 
around the 3D mesh (Figure 4b). Both the surface and solid 
models can be exported as .step and .iges files for use in a 
variety of CAD-based software packages.
The creation of a NURBS surface is an automated 
process in Design X, and can be used to create a surface 
(freeform) model of the 3D mesh that can immediately 
be exported to CAD/CAM software prior to fabrication. 
The benefits of this approach are numerous, and it can be 
used to create an accurate model of the marker in its cur-
rent form. Should the marker have been damaged or have 
degraded through time however, solid modeling may be 
the better option. While more time is required to create 
a solid model, all elements can be modeled using a pre-
specified deviation (± 0.03 mm in the grave marker case) 
around the 3D mesh, and any damaged or degraded areas 
can be corrected. This process is composed of creating 
2-D sketches for various mesh profiles based on a point, 
vector, or planar surface that are subsequently extruded, 
revolved, lofted, or swept. Surface primitives (circles, 
cones, toruses, etc.) can also be used to insert basic 
shapes into the model as warranted. After the basic form 
is created, the various fillets and chamfers can be added. 
The benefit of a solid model is that it can be constructed 
in a manner consistent with the original intent of the de-
signer, whereas elements of degradation and damage will 
be included in the NURBS surfaces. It is also possible to 
enlist a hybrid, where the NURBS surface is added to the 
solid model. This could be particularly useful in areas of 
complex geometry, cutting down on the time needed to 
create the final model.
Marker Monitoring
Since it is possible to calculate the deviation between 
multiple 3D meshes, the Oak Grove Cemetery project 
team will create numerous meshes of the same markers at 
various times throughout the next five years. The data can 
then be used to calculate various measures of deviation 
between the current and previous meshes in Geomagic 
Verify, allowing the growth of organics to be monitored 
and any movement of the markers that are currently slop-
ing toward the ground to be recorded. On those markers 
where damaging practices have been used (e.g., cleaning 
with bleach), the impacts of those practices might better 
be documented and quantified. 
While it would be ideal to have a mesh of the marker 
prior to the application of a destructive technique, it may 
be just as useful to document the progression of the dam-
age through time, perhaps by creating an annual mesh (as 
well as a control, where available), through which degrada-
tion and erosion can be cataloged and illustrated. Simple 
photography is also useful for documenting this process, 
but the 3D meshes can be compared against one another in 
Geomagic Verify (or other similar program) and deviations 
between them can be calculated. This manner of documen-
tation and analysis could provide cemetery managers with 
tools to better demonstrate—quantitatively—which mark-
ers might warrant additional preservation or stabilization 
treatments. These data may also help with the pursuit of 
grant funding to cover costs associated with maintaining 
historic cemeteries.
Public Outreach
While the interests of the project team primarily lie within 
the realm of documentation and analysis, 3D models of 
headstones do provide yet another method through which 
historic cemetery managers might engage in public out-
reach (McCarthy 2014). For this project, each marker was 
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Figure 4. Two methods used in reverse-engineering: (a) nonuniform rational b-spline (NURBS) surface, and (b) 3-D solid model 
atop 3-D mesh of marker from Oak Grove Cemetery in Nacogdoches, Texas. (Graphic by author, 2015)
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shared through social media (Twitter, Facebook, LinkedIn, 
Google+, and a research blog [Selden 2015b, 2015c, 
2015d]), where users could view the animated meshes. 
Additionally, the project team will be uploading the models 
to CRHR:ARCHIVE (Selden 2015a), where they may be 
further explored, manipulated, and downloaded for use in 
future projects. Metadata fields for each marker include 
the marker name (name of the person buried), marker 
date (date range of birth to death), marker eulogy, marker 
cemetery (name of cemetery), marker city, marker county, 
and marker state. Downloadable files include an ASCII.
stl (3D print ready), ASCII.ply (color model), and a 2-D 
screenshot of each marker. 
Due to the relative ease with which the models can 
be created, incorporating this manner of documentation 
effort into existing curricula can help to extend humani-
ties-based research methods into those areas traditionally 
reserved for STEM-based learning. This could potentially 
help to expand funding opportunities and assist with the 
recruitment of more technologically savvy students into 
humanities-based learning experiences. While beyond the 
purview of this article, the incorporation of these data in 
virtual museums (Selden et al. 2014) could help to further 
extend the reach of efforts focused upon 3D documenta-
tion and analyses.
While exploring potential educational applications for 
the 3D models, the project team found that it is also pos-
sible to create 3D cardboard (or wood) puzzles (Figure 5) 
of the markers that can easily be cut out and assembled (see 
Appendix A). These cardboard models have the added ben-
efit of providing a tangible component to what is otherwise 
a purely virtual experience. The cardboard puzzle included 
here as Appendix A is in a .pdf format and can therefore be 
imported for use with a laser cutter. Potential applications 
of 3D cardboard puzzles include fundraising and public 
education. They might also be used to demonstrate the 
progression of tilt in a particular marker to policy makers 
and funding agencies by providing a tangible model of this 
progression, as well as a model of what the marker would 
look like if reset. 
Figure 5. Three-dimensional cardboard model of the marker that appears in Figures 1 and 2. The plans for this model are included 
as an appendix. (Graphic by author, 2015)
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Summary and Conclusions
The contribution of photogrammetry to historic cemetery 
management could be substantial as an analytical and edu-
cational tool. From monitoring growths upon, and move-
ments of, the markers to reverse-engineering damaged 
elements that warrant refurbishing or refabricating, the 
addition of photogrammetry to historic cemetery manage-
ment carries potential for meaningful advances in the care 
of these historic resources. While the time commitment 
is not small, once generated the 3D meshes can augment 
public outreach and education programs, extending ac-
cess to cemetery resources through social media, digital 
archives, and other online venues. 
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APPENDIX A
Plans for the cardboard model shown in Figure 5. The plans can simply be printed, glued to cardboard, and cut out. As 
a .pdf, this document can also be imported for use with a laser cutter. Click on the image below to open the printable 
.pdf in a new window.
